This research evaluated the antimicrobial effect of the clove (Syzygium aromaticum) and lemongrass (Cymbopogon citratus (DC.) Stapf.) essential oils (EOs) against Listeria monocytogenes ATCC 19117 growth added to bovine ground meat stored under refrigeration (5 ± 2°C) for three days. The EOs, extracted by hydrodistillation and analyzed by gas chromatography-mass spectrometry (GC-MS), were tested in vitro using an agar well diffusion methodology for determination of Minimum Inhibitory Concentration (MIC). The MIC concentrations for both essential oils on culture tested of L. monocytogenes were 1.56%. The EOs concentrations applied in contaminated ground beef were 1.56, 3.125 and 6.25% (w/v) based on MIC levels and possible activity reductions by food constituents. The bacteria populations were significantly reduced (p £ 0.05) after one day of storage in ground meat samples treated with clove and lemongrass EOs at concentrations of 1.56%. There were no significant counts of L. monocytogenes in samples at the other concentrations of the two oils applied after the second day of storage. The sensory acceptability evaluation of the bovine ground meat samples treated with EOs showed that the addition at concentrations higher than 1.56% promote undesirable alterations of taste, odor and characteristic color. The application of EOs at low concentrations in food products can be used in combination with other preservation methods, such as refrigeration, to control pathogens and spoilage bacteria during shelf-life; which goes according to current market trends, where consumers are requesting natural products.
Introduction
Meats are highly perishable foods, easily contaminated, with wide nutritional composition, sufficient water activity and favorable pH for growth of most microorganisms. Ground meat is defined as a meat product obtained from the ground muscle mass of cattle carcasses, followed by instant refrigeration or freezing (Brasil, 2003) . Ground beef is a food that has a large surface area and is highly manipulated, facts which favors bacterial growth; fresh such as meats, raw milk, cheese among others. Listeria monocytogenes is a psychrotrophic, Gram-positive bacterium that can adapt, survive and grow in a wide range of environmental conditions and a variety of foods, including meat and meat products. Illnesses caused due to the consumption of contaminated foods with pathogenic microorganisms such as L. monocytogenes have a wide economic and public health impact worldwide (Gandhi and Chikindas, 2007) . Due to their psychrotrophic character, L. monocytogenes control becomes difficult in chilled foods. The occurrence of these bacteria in food products can promote an eating disorder called listeriosis. This is a serious infection caused by eating food contaminated with this pathogen and has been recognized as an important public health problem, affecting primarily pregnant women, newborns and adults with weakened immune systems (Dimitrijevic et al., 2007; Gandhi and Chikindas, 2007) .
For the elimination of pathogenic microorganisms in food, common technologies for preservation and shelf life extension of foods are used and among these stand out the use of chemical preservatives. These techniques can control the development of undesirable microorganisms in foods; however their use is not compatible with the call for "natural products" of market reality, besides the possible toxic and carcinogenic effect of these agents to the human organism; so alternative preservation techniques such as the use of natural antimicrobials are being studied for use in food products (Gutierrez et al., 2009) . In this context, plant essential oils (EOs) are gaining interest for their potential as preservative ingredients or decontaminating treatments, as they have a GRAS (Generally Recognized as Safe) status and wide consumer acceptance (Burt, 2004) . EOs are the odorous, volatile products of aromatic plant secondary metabolisms, with biological properties, normally formed in special cells or groups of cells found in many leaves and stems (Oussalah et al., 2007) . Despite the antimicrobial properties of EOs being widely recognized, the current interest in an antimicrobial derived from natural products has led to intensification of work employing these compounds. Several in vitro studies have reported the high efficiency of biocidal EOs on pathogens that cause food poisoning and spoilage bacteria (Dorman and Deans, 2000; Elgayyar et al., 2001; Canillac and Mourey, 2004; Gill and Holley, 2004; Oussalah et al., 2007; Gutierrez et al., 2008; Muños et al., 2009; Pereira et al., 2009) . However, higher concentrations than those found in EO in vitro assays are necessary for finding the same antimicrobial effect on food models (Burt, 2004) . If EOs are expected to be widely applied as antibacterial, the organoleptical impact should be considered since the use of naturally derived preservatives can alter the taste of food or exceed acceptable flavor thresholds (Hsieh, 2001; Nazer et al., 2005) .
This research was aimed to evaluate the antimicrobial effect of clove (Syzygium aromaticum) and lemongrass (Cymbopogon citratus (DC.) Stapf.) EOs on Listeria monocytogenes growth in bovine ground meat stored under refrigeration (5 ± 2°C) for three days. In addition, this study also aimed evaluated the sensorial acceptability of the ground beef treated with the tested EOs at different concentrations.
Materials and Methods

Plant material and EOs extraction
Fresh leaves of lemongrass (C. citratus) were collected at the Medicinal Plant Nursery of the Federal University of Lavras located in Lavras, Minas Gerais, Brazil (21°14'43" S; 44°59'59" W; altitude 919 m). The harvest was carried out in January 2009, in the morning, with mild temperatures and absence of rain period. Dry clove flower buds (S. aromaticum) were acquired in a retail location. For confirmation, both vegetal species were submitted a characterization procedure at botany sector of Federal University of Lavras. The EO was extracted by hydrodistillation using a modified Clevenger apparatus. Plant material was placed with water in a 6000 mL volumetric distillation flask. The flask was coupled to the modified Clevenger apparatus, and the extraction was performed for 3 h with the temperature maintained at 100 ± 5°C. The obtained hydrolate (water/oil fraction) was centrifuged at 321.8 g for 10 min at 25°C. The EO was collected with a Pasteur pipette, and the water traces were removed with anhydrous sodium sulfate (Vetec ® , Brazil). The oil was stored under refrigeration temperature (5 ± 2°C) in glass flasks wrapped in aluminum foil .
Chemical characterization of EOs
The EO chemical components were identified by gas chromatography coupled to mass spectrometry (GC-MS). A Shimadzu gas chromatograph (model GC 17A) equipped with a mass selective detector (model QP 5000) was operated under the following conditions: fused silica capillary column (30 m x 0.25 mm) coated with a DB-5 MS stationary phase; ion source temperature of 220°C; column temperature programmed at an initial temperature of 40°C, and increased by 3°C/min up to 240°C; helium carrier gas (1 mL/min); initial column pressure of 100.2 kPa; split ratio of 1:10 and volume injected of 1 mL (1% solution in dichloromethane). The following conditions were used for the mass spectrometer (MS): impact energy of 70 eV; decomposition velocity of 1000, decomposition interval of 0.50 and fragments of 45 Daltons and 450 Daltons decomposed. A mixture of linear hydrocarbons (C 9 H 20 ; C 10 H 22 ; C 11 H 24 ;C 24 H 50 ; C 25 H 52 ; C 26 H 54 ) was injected under identical conditions. The mass spectra obtained were compared to those of the database (Wiley 229), and the Kovats retention index (KI) calculated for each peak was compared to the values according to Adams (Adams, 2007) .
Quantification of the EO constituents was carried out using a Shimadzu gas chromatograph (model GC 17A) equipped with a flame ionization detector (FID) under the following conditions: DB5 capillary column; column temperature programmed from an initial temperature of 40°C finalizing at a temperature of 240°C; injector temperature of 220°C; detector temperature of 240°C; nitrogen carrier gas (2.2 mL/min); split ratio of 1:10; volume injected of 1 mL (1% solution in dichloromethane) and column pressure of 115 kPa. Quantification of each constituent was obtained by means of area normalization (%).
Bacterial strain, standardization, inoculum preparation and storage
The microorganism used was Listeria monocytogenes ATCC 19117 acquired from Oswaldo Cruz Foundation -(Rio de Janeiro-Brazil). The bacterial strain was reactivated in Trypic Soy Broth medium (TSB, Merk ® ) at 37°C for 24 h; after the strain grew, the bacterial cells were pelleted by centrifugation (5000 g for 5 min at 24°C), covered by freezing culture medium (15% glycerol Vetec ® , Brazil; 0.5% bacteriological peptone and 0.3% of yeast extract, Biolife Italiana Srl, Italy; and 0.5% of NaCl, final pH of 7.2 ± 0,2) and maintained under a freezing temperature (-20°C) throughout the experiment. For bacterial reactivation and use, an aliquot of the freezing culture medium was transferred to test tubes containing TSB and grown with two subcultures. The standardization of cell counts was carried out by the growth curve. Bacterial populations in the inoculum were determined with a spectrophotometer (CARY Varian Inc.) by optical density (periodic absorbance readings) at 600 nm in culture media TSB broth. Throughout the growth curve, cell counts were determined as log CFU/ml by serial dilution in peptone water 0.1% (w/v) and subsequent enumeration on Tryptic Soy Agar (TSA, Merk ® ) by a spread plate methodology.
Determination of Minimum Inhibitory Concentration (MIC)
To evaluate the inhibitory activity of essential oil, the Agar Well Diffusion method, with slight modifications was used (Deans and Ritchie, 1987) . Ten sterilized glass spheres (volume of 10 mm 3 ) were distributed on a previously solidified layer of TSA agar that was poured in 150 mm plates followed by another layer of the same molten culture medium at 45 ± 2°C, inoculated with revealing culture of L. monocytogenes at concentrations of 10 8 cfu/mL. After solidification the glass spheres were removed to microwells formation, where 10 mL of EOs diluted in dimethylsulfoxide DMSO ((CH 3 ) 2 SO; Vetec ® , Brazil) were dispensed, at concentrations of 50.0; 25.0; 12.5; 6.25; 3.125; 1.56; 0.78; 0.39% and 0.0% with the latter being the negative control. A positive control was prepared with a 1000 mg/L chloramphenicol solution. The plates were incubated at 37°C for 24 h, and inhibition zones were measured (mm) with a digital caliper (Digimess ® , Brazil). The MIC was defined as the lowest EOs concentration applied able to inhibit the visible growth of the tested microorganism .
Ground meat and samples preparation
Refrigerated, vacuum packaged beef (Longissimus dorsi) was obtained within 48 h of slaughtering from a local meat packer. After sanitizing the outer surface with 70% ethanol, the package was opened and pieces of meat rendered in a BECCARO ® model PB22 grinder, grinding disc number four; all equipment was previously sanitized. After processing, the samples of ground beef were aseptically weighed and stored in sterile flasks, then were inoculated with 10 6 cfu/g of L. monocytogenes viable cells and treated with EOs at effective concentrations (1.56, 3.125 and 6.25% w/v) obtained in tests of minimum inhibitory concentration (MIC) in vitro. The samples were stored under controlled refrigeration temperature (5 ± 2°C), and analyzed after 1, 2 and 3 days of storage. The controls were prepared without addition of EO in ground beef inoculated with the target microorganism and in samples without oil and microorganism inoculum.
Listeria monocytogenes cells enumeration
For the enumeration of L. monocytogenes, 10 g of the ground meat samples were weighed, transferred into sterile stomaching bags, combined with 90 mL of sterile peptone water (0.1% w/v) and homogenized in a Stomacher (Metroterm, Brazil) with 490 strokes/min for 2 min at room temperature. Stomached slurries were decimal serially diluted in peptone water (0.1% w/v), and aliquots (100 mL) of the sample dilutions were spread on selective differential Agar Oxford (MOX Merck ® ) and incubated at 37°C for 24 h; the characteristic colonies were counted using a colony counter.
Microbiological control was performed to verify the hygienic-sanitary conditions of ground beef samples and the possible presence of accompanying microbiota that could affect the development of the target microorganism. For this propose the Plate Count Agar (PCA medium) was used to estimate the Total Plate Count (37°C/24 h) and psychrotrophic count.
Sensory evaluation Acceptance evaluation
The sensory acceptance evaluation of ground beef samples treated with clove and lemongrass EOs at different concentrations was performed at Sensory analysis laboratory of the Food Science Department at Federal University of Lavras. A twenty member non-trained panel was used to evaluate sensory attributes of color, smell and overall acceptability. Panelists were selected among university stu-dents, staff and professors of the department, belonging for both sexes and aged between 20 and 50 years. Treated ground meat samples were weighed, individually packaged in aluminum foil and roasted at 180 ± 10°C for 20 min; subsequently each sample was served warm randomly to the judges in dishes, with standard quantities and coded with three digits obtained from a table of random numbers. A 9-point hedonic scale was used to score sensory attributes, where 9-like extremely, 8-like very much, 7-like moderately, 6-like slightly, 5-neither like nor dislike (limit of acceptability), 4-dislike slightly, 3-dislike moderately, 2-dislike very much,1-dislike extremely. Sensory evaluation was accomplished at 1, 2 and 3 of refrigerated storage at 5 ± 2°C
Objective color evaluation
Color measurements were taken with a colorimeter (Chroma Meters CR-300, Konica Minolta Sensing Inc.) established at a 10°angle for the observer and illuminated at D 65 to calculate color indices in the CIELAB system, following the recommendations of Ramos and Gomide (2007) . The color parameters lightness (L*), redness (a*) and yellowness (b*) were obtained from an average of nine readings taken at different points in ground beef patties samples approximately 40 mm wide.
Data statistical analysis
The data were obtained from three independent experiments and the means were from triplicate results. The data obtained were subjected to analysis of variance (ANOVA), and the comparison between means was determined by Scott-Knott test adopting a 5% significance level. The statistical analyses of data were carried out using statistical R software (2004).
Results and Discussion
EOs characterization
The chemical composition of studied EOs obtained by GC-MS analysis, and their concentrations quantified by normalization areas through examining the chromatogram obtained obtained by GC-FID detector are shown in Table 1 . EOs can be comprised of more than sixty individual components, and the major components can constitute up to 85% of the oil fraction, whereas the other components are present only as a trace (Burt, 2004) . According to the results three chemical components for S. aromaticum EO and eight for C. citratus were identified. The major chemical constituent found in clove EO was eugenol (89.80%) and in lemongrass they were neral (30.90%) and geranial (42.90%); according to Lewinsohn et al. (1998) the lemongrass produces 75-85% of citral in its EO. Citral is the name given to a natural mixture of two isomeric acyclic monoterpene aldehydes: Geranial ((2E)-3,7-dimetilocta-2,6-dienal, citral A or E isomer) and Neral ((2Z)-3,7-dimetilocta-2,6-dienal, citral B or Z isomer). The phytochemical profiles found in this analysis are similar to those observed by several authors for S. aromaticum (Tomaíno et al., 2005; Oussalah et al., 2006; Pereira et al., 2008) and for C. citratus (Fandohan et al., 2008; Blanco et al., 2009; Oliveira et al., 2010) . The final composition of EO is genetically influenced, being specific to each organ and its stage of development, the climatic conditions of plant collection site, degree of terrain hydration and level of macro and micronutrients, in addition to drying conditions to which the plant material was exposed (Bakkali et al., 2008) .
Antimicrobial activity and minimum inhibitory concentration
The inhibition zones formation proved the antimicrobial effect of C. citraus and S. aromaticum EO. The values observed for the diameter of inhibition zones in determining the minimum inhibitory concentration (MIC) of EO on L. monocytogenes are shown in Figure 1 . The variable "concentration" evaluated, was significant for clove (p = 3.231 e -05 ) and for lemongrass (p = 1.003 e -05 ). The formation of inhibition zones with an average diameter of 4.33 mm (± 0.33) for S. aromaticum and 5.33 mm (± 0.33) for C. citraus was observed at concentrations of 1.56% which was determined as the Minimum Inhibitory Concentration (MIC). The minimum inhibitory concentration is cited by most researchers as the measure of performance of antibacterial essential oils (Burt, 2004) . In negative control (wells filled with DMSO without EO) inhibition zones were not observed, a fact that demonstrates the non-interference of the diluent used in antimicrobial performance tests. The EO and some of their major constituents were tested in vitro and in food models by several authors, and have demonstrated proven antimicrobial activity against L. monocytogenes (Vrinda-Menon and Garg, 2001; Singh et al., 2003; Gill and Holley, 2004; Lin et al., 2004; Mytle et al., 2006; Oussalah et al., 2007) . Considering the large number of different groups of chemical compounds present in EOs, it is most likely that their antibacterial activity is not attributable to one specific mechanism but that there are several targets in the cell. An important characteristic of EOs is their hydrofobicity, a fact which allows the partition of the lipids in the bacterial cell membrane disturbing its structure and function (Sikkema et al., 1994; Sikkema et al., 1995) . The K + efflux is usually the first signal of damage and often is followed by leakage of cytoplasmatic constituents including ATP. The loss of differential permeability of the cytoplasmatic membrane is considered the cause of cell death. Other events that could lead to dysfunction of the membrane and subsequent disruption include dissipation of the two components of the proton motive force (pH gradient and electrical potential), both by changes in ion transport or depolarization, through changes in membrane structure; interference with the energy generating system of (ATP) in the cell; enzymatic inhibition and preventing substrate utilization for energy production (Helander et al., 1998; Cox et al., 2000; Lambert et al., 2001; Ultee et al., 2002) . The antimicrobial activity of clove EO is attributed to the presence of eugenol its major constituent (Beuchat, 2000; Pereira et al., 2008) . Filgueiras and Vanetti (2006) related that eugenol acts on the lipid constituents of the bacterial cell membrane resulting in the loss of intracellular constituents which is evidenced by the release of K + . Smith-Palmer et al. (1998) observed that clove EO at concentrations of 400 and 500 mg/mL, inhibited the L. monocytogenes growth inoculated in TSB broth at 4 and 35°C. The antimicrobial effect of C. citratus was demonstrated on several yeasts strains (Sacchetti et al., 2005) , mycotoxigenic fungi (Tzortzakis and Economakis, 2007) , L. monocytogenes biofilms (Oliveira et al., 2010) , pathogenic and spoilage bacteria (Helander et al., 1998) . The C. citratus EO obtained in the research presents monoterpenes as major compounds; according to Sikkema et al. (1995) the monoterpenes action on bacterial cell involves mainly toxic effects on the structure and function of the cell membrane. As a result of their lipophilic character, the monoterpenes will preferably dislocate from the aqueous phase towards the membrane structures.
Antimicrobial activity in bovine ground meat
The variations of L. monocytogenes population in ground meat bovine treated with EOs during storage under refrigeration are shown in Table 2 . In control samples, without added of EOs, populations of 4.91 and 6.39 log 10 cfu/g were observed for assays with C. citratus and S. aromaticum respectively on the first day of storage. These counts remained significantly unchanged during the storage time (p > 0.05) in control samples (without oil) evidencing the psychrotolerance mechanisms of the evaluated microorganism. Listeria monocytogenes has a minimum growth temperature of around 2°C. Low temperatures exert profound effects on the bacteria growth, through influence on ribosomes, cytoplasmic membranes, changes in protein synthesis and solute uptake. In recent studies, more emphasis has been given to increasing the expression of bacterial proteins promoted by cold shock (CSPs) in response to reduced temperatures (Wouters et al., 2000) . A few studies have examined the molecular mechanisms of psychrotolerance in L. monocytogenes. Frequently refrigeration is the only method of preservation used for ground beef processing, and its abuse during processing or any of the links in the supply chain (cold storage, transportation, retailing, transportation and home consumer storage) can accelerate the development of L. monocytogenes. (Mytle et al., 2006) . Consequently, the refrigeration should not be used as the only method to control this organism; the use of other combined preservation methods such as EO, can be a feasible alternative. In ground beef samples treated with EOs at concentrations of 1.56% (w/v), reduced populations (p £ 0.05) were ob- served in relation to the control for C. citratus and S. aromaticum on the first day of storage; the viable cell counts of L. monocytogenes decreased (p £ 0.05) during the storage time in these treatments. The most pronounced reductions were observed in samples with added EOs at higher concentrations for both plant specimens evaluated. At concentrations of 3.125 and 6.25% (w/v) significant counts after the second day of storage, were not detected. Vrinda-Menon and Garg (2001) , studying the effect of clove EO on L. monocytogenes in minced meat, found that the addition of 0.5% of the oil restricted the initial bacterial population growth from 7.7 x 10 3 to 1.8 x 10 5 cfu/g after a day of storage at 30°C; while the corresponding control increased from 8,7 x 10 3 to 2,6 x 10 6 cfu/g. The application of higher amounts of clove EO (1%) improved the action on microorganism in these studies.
The application of EOs for the control of pathogens and spoilage bacteria requires the evaluation of their effectiveness in food products or models that simulate roughly the composition of foods. Generally the efficiency of some additives and natural antimicrobial agents can be reduced by certain components of foods; if higher concentrations of EO are generally required when added to food to maintain product safety, undesirable flavor and sensory changes can occur (Gutierrez et al., 2008; Gutierrez et al., 2009) . In general, it is assumed that high levels of fat or protein food may protect the bacteria from the action of essential oils; the essential oil dissolved in the lipid phase of the food is relatively less available for action on bacteria present in the aqueous phase. The considered levels of fat and protein found in meat can prejudice the antimicrobial activity. Gutierrez et al. (2009) evaluated the effect of food components in activity of thyme and oregano essential oils on L. monocytogenes and observed that fat at concentrations higher than 5% decrease the antimicrobial effect. Gill et al. (2002) suggests that the viability of major nutrients in foods compared to the laboratory mediums may enable the bacteria to repair damaged cells faster. In this respect not only the intrinsic properties of food (fat, protein, water content, antioxidants, preservatives, pH, salt and other additives are important but extrinsic factors are decisive (temperature, modified atmosphere packaging and characteristics of the microorganism) and can affect the bacterial sensitivity (Burt, 2004) .
Sensory evaluation
Sensory evaluation scores of ground meat bovine treated with EOs at different concentrations during refrigerated storage are shown in Figure 2 . Table 3 shows the color objective parameters L*, a*, b* during storage according to different treatments evaluated. The addition of EOs at concentrations of 1.56% impaired the sensory acceptance, showing significantly reduced scores (p £ 0.05) for taste and overall acceptability attributes. However, for smell attribute, the addition of EOs at concentrations of 1.56% revealed higher scores (p > 0.05) than control samples. In treatments added of both EOs at 3.125 and 6.25%, scores were detected below the rejection point (limit of acceptability) for all attributes evaluated. The color parameters lightness, redness and yellowness were significantly affected when compared to control by the addition of EOs at concentration higher than 1.56%; this fact suggest the possible characteristic color alteration, and rejection from costumers. The adverse sensorial effect of higher amounts EO addition, such as observed in this study, were described by Hayouni et al. (2008) and Solomakos et al. (2008) in minced meat and Govaris et al. (2010) in minced sheep meat. 362 Oliveira et al. 
Conclusion
The antimicrobial activity of clove (S. aromaticum) and lemongrass (C. citratus) EOs was confirmed in tests in vitro and bovine ground meat. However, the sensorial evaluation showed the negative effect on organoleptic attributes with EOs applied at MIC concentration. The most promising application is the use of EO in conjunction with other preservation techniques to develop a synergistic alternative to current methods. The application of EOs to control pathogenic and spoilage microorganisms in food requires an evaluation of several aspects: sensory, concentration required for activity, chemical composition of food and interference to the antimicrobial action, in addition the characteristics of the microorganism studied. Values followed by the different small letter within the same line, and by the different capital letter within the same column, are significantly different (p £ 0.05) according to Scott-Knott test.
Average of nine readings taken at different points.
Clove (Syzygium aromaticum); Lemongrass (Cymbopogon citratus). (1) Control; (2) 1.56% clove EO; (3) 1.56% lemongrass EO; (4) 3.125% clove EO; (5) 3.125% lemongrass EO; (6) 6.25% clove EO; (7) 6.25% lemongrass EO. Variation coefficients: (A) 9.27%; (B) 10.88%; (C) 7.78%.
